Data on the effect on re-hospitalization are limited when levosimendan is added to conventional treatment. We aimed to investigate the role of fragmented QRS (f QRS) on the surface electrocardiogram in predicting the response to levosimendan therapy in patients with acute systolic heart failure.
INTRODUCTION
Positive inotropic drugs are necessary in patients with acute decompensated heart failure and systolic dysfunction and having hypotension and/or peripheral hypoperfusion despite vasodilator and diuretic therapy (1) . Levosimendan is dissimilar from other positive inotropic remedies in terms of providing increased contractility without enhancing the oxygen consumption of the heart (2). It increases cardiac contractility as a means of enhancing the calcium sensitivity of contractile proteins in the myocardium. Furthermore, it leads to the opening of adenosine triphosphate-sensitive potassium channels in vascular tissues and vasodilatation (3) .
The survival benefit of levosimendan is unclear; however, clinical improvement has been demonstrated in various trials. This condition may be due to the heterogeneity of the patient populations in these studies. There are trials specifying patient groups that might further benefit from levosimendan. QRS duration and brain natriuretic peptide (BNP) change have been found to be important for evaluating the response to levosimendan therapy (4, 5) . We analyzed patients applying to a hospital with acute decompensated heart failure and who stabilized and were discharged following medical treatment including levosimendan infusion. Parameters affecting annual admission numbers by virtue of decompensated heart failure were investigated. Thus, in our trial, we intended to predict which patients will further benefit from levosimendan therapy.
MATERIAL and METHODS

Study Population
Sixty-six patients under clinical follow-up between 2011 and 2016 were enrolled in this retrospective study; these patients were hospitalized due to acute decompensated heart failure and were administered levosimendan due to the requirement of intravenous inotropic support despite optimal medical therapy.
Exclusion criteria included permanent atrial fibrillation (AF), paroxysmal AF, systolic blood pressure persistently lower than 85 mmHg or heart rate persistently at 115/min or higher, aortic or mitral valve stenosis, hypertrophic or restrictive cardiomyopathy, second-or third-degree atrioventricular block, severe hepatic dysfunction (liver enzyme levels two times higher than the normal levels), serum creatinine levels higher than 2.5 mg/ dL, recent myocardial infarction (within 8 weeks), utilization of an another inotropic drug in the same hospitalization, history of cardiac pacemakers, and sustained or non-sustained ventricular tachycardia. Ethics committee approval and informed consent was obtained.
Study Protocol
Hospitalization data were assessed, where patients were medicated with levosimendan as well as vasodilators and diuretics. All patients received levosimendan with a loading dose of 12 mcg/kg/min over 10 min, followed by an infusion of 0.1 mcg/kg/ min for 24 h. The total hospitalization duration was calculated. Moreover, the mean furosemide dose per day was determined. Patients' outpatient follow-up registries were searched in detail. Furthermore, the first re-admission duration and annual admission number due to acute decompensated heart failure despite regular and optimal medical therapy were registered. Patients were divided two groups: group 1, 0-7 admissions per year and group 2, >7 admissions per year. Factors affecting the first admission duration and annual hospitalization rate were investigated.
Patients' electrocardiograms (ECGs) were evaluated prior to initiating levosimendan therapy. The presence of fragmented QRS (fQRS) was investigated in patients'12-lead surface ECGs (Nihon Kohden-Cardiofax S ECG, Japan; 1250 K, 0.5 Hz to 150 Hz filter range, 60 Hz AC filter, 25 mm/s,10 mm/mV) prior to levosimendan infusion. The definition of fQRS was QRS complexes with the presence of an additional R wave or S wave or the presence of <1 R' (fragmentation) in two contiguous leads, corresponding to a major coronary territory [inferior (D2, D3, aVF), lateral (D1, aVL, V6), or anterior (V1-V5) derivations] (6). Additionally, for QRS complexes of a typical right bundle branch block (≥120ms) or left bundle branch block (LBBB; ≥120 ms), fQRS was defined as a QRS complex with >2 R' waves or notches in the R or S waves in two contiguous leads (7).
The relationship between fQRS presence and the annual admission rate and total weight loss was determined. Blood pressure and heart rate on admission were recorded. Transthoracic echocardiography (EPIQ 7 Ultrasound System, PHILIPS, HEIDE, The Netherlands) registries of LVEF, heart chamber diameters, and valvular pathologies were reviewed according to the recommendations of the American Echocardiography Association. Hemogram and biochemistry parameters were noted. . One-way analysis of variance and the Kruskal-Wallis test were respectively used for parametric and non-parametric variables to compare tertiles. Multivariate logistic regression analysis was used to evaluate the independent associates of the risk of increased re-hospitalization rate. Parameters with a p-value of less than 0.1 in the univariate analysis were included in the model. Odds ratios and 95% confidence intervals were calculated. A two-tailed p-value of <0.05 was considered to be statistically significant.
Statistical Analysis
RESULTS
Sixty-six patients, 54 of whom were males, were included. Forty-two patients were in group 1 and 24 were in group 2. Thirty percent of the patients applied to the hospital in the first month, 55% applied within 2 months, and 92% applied within 6 months because of acute decompensated heart failure. Demographic and clinical characteristics of the patients according to the number of annual applications are listed in Table 1 .
The presence of fQRS was found in 41% of the patients in group 1 and in 92% of the patents in group 2 (p<0.001) ( Table 2 ).
Univariate and multivariate logistic regression analyses was performed for factors affecting the number of annual applications. The presence of fQRS during the hospitalization of patients treated with levosimendan was found to be an independent predictor of the admission of more than 7 patients in the multivariate analysis. There was a highly positive significant correlation between the presence of fQRS and re-admission (r=0.555, p<0.001) ( Table 3) .
DISCUSSION
In our trial, patients with fQRS on their ECGs had more re-admissions to the hospital than those without fQRS on their ECGs, irrespective of the LVEF. This finding may be a subsidiary parameter to the presence of fQRS on ECGs to predict the response to levosimendan therapy in patients with heart failure.
Acute decompensated heart failure is a considerable cause of morbidity and mortality. Such patients are generally treated with diuretics and vasodilators. Positive inotropic drugs are added to the conventional treatment when peripheral hypoperfusion signs are present. Levosimendan does not distinctively potentiate intracellular cyclic adenosine monophosphate and calcium levels; in contrast to other inotropic drugs, levosimendan stabilizes cross-bonds between actin and myosin, leading to enhanced contractility (8) (9) (10) . Levosimendan stimulates adenosine triphosphate-sensitive potassium channels on vascular smooth muscles, resulting in arterial and venous vasodilatation. Thus, it reduces the preload and afterload (11) . Besides these, levosimendan enhances coronary vasodilatation via the nitric oxide-dependent pathway, which inhibits phosphodiesterase-3 and contributes to the protection of the myocardium from ischemia by means of increasing the coronary blood flow (12, 13) . It has been demonstrated that levosimendan improves the myocardial systolic function in patients with a stunned myocardium who underwent percutaneous coronary intervention due to acute myocardial infarction (14) .
Levosimendan also has neurohormonal effects. Thirty to sixty percent reduction of BNP and N terminal-BNP levels has been reported after levosimendan infusion (15) . Additionally, it has been stated that levosimendan diminishes the levels of proinflammatory cytokines and apoptosis mediators such as endothelin 1, interleukin 6, and tumor necrosis factor-alpha (16) (17) (18) . It has been demonstrated that this neurohormonal influence continues for at least 7 days (16) (17) (18) . The prolonged impact of levosimendan may be related to its active metabolite OR-1896, which has an extended half-life of 70-80 h despite the short half-life of 1 h for levosimendan.
Six-month all-cause mortality or re-hospitalization for heart failure significantly decreased in patients with a 58% or more reduction in BNP levels following levosimendan therapy in a study by Farmakis et al. (5) that was performed to predict the response to levosimendan therapy. Another study that searched for the significance of cardiac rhythm to the response to levosimendan therapy showed no difference between the sinus rhythm and AF in terms of the effect on left ventricular systolic and diastolic functions (19) . Patients with a basal QRS duration lower than 120 msn had a better outcome in short-term levosimendan therapy in a trial evaluating echocardiographic parameters.
It has been demonstrated in a study assessing ischemic and non-ischemic heart failure patients with an LVEF of <35% that the presence of fQRS on ECGs is correlated with the increased re-hospitalization due to decompensated heart failure and cardiovascular mortality (20) . In a trial evaluating patients with post-myocardial infarction heart failure, the presence of fQRS was related to higher cardiac death and hospitalization rates due to heart failure (21). fQRS is more sensitive than the Q wave in demonstrating myocardial scar tissue in a study by Das et al. (6, 7) fQRS denotes an impairment in signal conduction by virtue of myocardial scarring, fibrosis, and ischemia. In our trial, earlier re-admissions and increased annual re-admissions after levosimendan therapy in patients with fQRS on ECGs may result from a decreased contractile reserve on account of myocardial fibrosis and scarring. This may be a subsidiary parameter to predict a poorer response to levosimendan therapy.
Study Limitations
The number of patients in our trial is insufficient, and the number of patients with non-ischemic dilated cardiomyopathy is particularly insufficient. In our study population, due to the weight of the males, the results may not reflect the findings in females. Moreover, patients with permanent AF and documented paroxysmal AF were not included. However, there is no Holter ECG recording in all patients, and there may be undetectable paroxysmal AF episodes. Furthermore, we could not acquire body mass indexes due to the fact that they were not recorded and our trial is not prospective.
CONCLUSION
The evaluation of the presence of fQRS on ECGs may provide substantial information in patients with decompensated heart failure. The presence of fQRS on ECGs might assist in predicting more frequent re-admissions in patients with heart failure treated with levosimendan.
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